Amendments to the Specification: 

Please replace the original specification with the attached substitute 
specification is attached along with a marked-up copy. 

Amendments to the Abstract : 

Please replace the original abstract with the following abstract. 
ABSTRACT OF THE DISCLOSURE 

In an environment in which storages are intensively collected, many unused 
areas are generated and no storage resources can be efficiently used as a storage 
pool. 

The capacity utilization (data capacity) of a storage device (volume) allocated 

to a computer is obtained and future capacity utilization is estimated from a change 
in the data capacity. 

Upper limit securing capacity and lower limit securing capacity show i ng values 

indicating the upper and lower limits of appropriate allocating capacity calculated 
from this estimated capacity utilization, and the capacity of the storage device are 
compared with each other. When the capacity of the storage device (old device) is 
greater than the upper limit securing capacity, the storage device (new device) of the 
lower limit securing capacity or more and the upper limit securing capacity or less is 
allocated from the storage pool, and the old device is collected in the storage pool. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 
Listing of Claims : 

1 . (currently amended) A managing method to be executed by a management 
computer connected to a computer and storage apparatus through a network, bb4 
comprising the steps of : 

a st e p for allocating a_storage area of predetermined capacity from the 
storage area of said storage apparatus to said computer; 

a st e p for obtaining the capacity utilization of s a id each storage area allocated 
to said computer; 



the capacity utilization of sa i d each storage area; and 

a st e p for collecting tke-a_storage area in which corr e spond i ng to the 
difference between the capacity of said allocated storage area and said estimated 
capacity utilization when the capacity of said allocated storage area is greater than 
said estimated capacity utilization. 

2. (currently amended) The managing method according to claim 1 , wherein 
said collecting step includes the steps of : 



than said estimated usmg-capacity utilization and smaller than the capacity of said 
allocated first storage area to said computer; and 




Iculating an estimated capacity utilization which is estimated from 



•allocating a second storage area of capacity equal to or greater 
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a st e p for releasing the allocation of said first storage area to the computer 
after the eepy- copying of data of said first storage area to said second storage area 
is terminated. 



3. (currently amended) The managing method according to claim 2, wherein 

said collecting step further hasf 

a st e p fo r includes giving commands to said storage apparatus so as to 

execute the eopy- copying of the data of said first storage area to said second 
storage area. 

4. (currently amended) The managing method according to claim 3, wherein 

said collecting step further basf 

a step for includes reducing the size of a file system made in the first storage 

area before the data copy -copying is executed by the storage apparatus. 

5. (currently amended) The managing method according to claim 2, wherein 

said collecting step further basf 

a st e p fo r includes giving commands to said computer so as to execute the 

goby copying of the data of said first storage area to said second storage area. 

6. (currently amended) The managing method according to claim 2, wherein 

said managing method further kasf 

a st e p fo r includes executing the sopy- copying of the data of said first storage 

area to said second storage area. 
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7. (currently amended) The managing method according to claim 1 , wherein 

said collecting step further hasf 

a st e p fo r includes judging whether the collection of a storage area is possible 

or not on the basis of a flag for every said allocated storage area. 

8. (currently amended) The managing method according to claim 1, wh e r ei n 

th e managing m e thod further including has a step for of obtaining a value 

indicating the number of write I/O numbe r operations of said each storage area 
allocated to said computer, and 

said collecting step includes the steps of : 

a st e p for assigning said storage area having 0 m as said write I/O number 
value for archive, and allocating a second storage area of low cost and having a 
capacity equal to or greater than said estimated capacity utilization and smaller than 
the capacity of said allocated first storage area to said computer; and 

a stop for releasing the allocation of said first storage area to the computer 
after the copy copying of the data of said first storage area to said second storage 
area is terminated. 

9. (currently amended) The managing method according to claim 1 , wherein 

said management computer is connected to plural storage apparatus, and 
a memory for holding a device management table for managing the allocating 

states of the storage area of said plural storage apparatus is arranged provided , 
said step fof of allocating said storage area to said computer comprises 

allocating said storage area to said computer on the basis of said device 

management table. 
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10. (currently amended) The managing method according to claim 1, wherein 

said step fef of calculating said estimated capacity utilization comprises 
calculating the estimated capacity utilization on the basis of the kind of an application 
for utilizing said each storage area, access characteristics or the degree of 
importance degr ee of stored data in addition to the capacity utilization of said each 
storage area. 

1 1 . (currently amended) The managing method according to claim 1 , wherein 

on the basis of the capacity of said allocated storage area and said estimated 
capacity utilization, a proper state of the capacity of said allocated storage area is 
displayed, t 

12. (currently amended) A managing program to be executed by a management 
computer connected to a computer and a memory unit through a network, a&4 for 
executing: 

a procedure for allocating a storage area of predetermined capacity from the 
storage area of said storage apparatus to said computer; 

a procedure for obtaining the capacity utilization of sa i d each storage area 
allocated to said computer; 

a procedure for calculating an estimated capacity utilization which is 
estimated from the capacity utilization of said each storage area; and 

a procedure for collecting the-a_storage area corr e spond i ng in which t e the 
difference between the capacity of said allocated storage area and said estimated 
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capacity utilization when the capacity of said allocated storage area is greater than 
said estimated capacity utilization. 

13. (currently amended) A memory medium readable by a management computer 
connected to a computer and a storage apparatus through a network and storing a 
managing program to be executed by the management computer, wherein the 
memory medium stores the managing program for executing: 

a procedure for allocating a storage area of predetermined capacity from the 
storage area of said storage apparatus to said computer; 

a procedure for obtaining the capacity utilization of said each storage area 
allocated to said computer; 

a procedure for calculating an estimated capacity utilization which is 
estimated from the capacity utilization of eai4-each storage area; and 

a procedure for collecting the-a_storage area corresponding in which te the 
difference between the capacity of said allocated storage area and said estimated 
capacity utilization when the capacity of said allocated storage area is greater than 
said estimated capacity utilization. 
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REMARKS 



The specification has been amended to correct errors of a typographical and 
grammatical nature. Due to the number of corrections thereto, applicants submit 
herewith a Substitute Specification, along with a marked-up copy of the original 
specification for the Examiner's convenience. The substitute specification includes 
the changes as shown in the marked-up copy and includes no new matter. 
Therefore, entry of the Substitute Specification is respectfully requested. 

The claims and abstract have also been amended to more clearly describe 
the features of the present invention. 

Entry of the preliminary amendments and examination of the application is 
respectfully requested. 

To the extent necessary, applicants petition for an extension of time under 37 
CFR 1 .136. Please charge any shortage in the fees due in connection with the filing 
of this paper, including extension of time fees, to the deposit account of Antonelli, 
Terry, Stout & Kraus, LLP, Deposit Account No. 01-2135 (Case: 501 .431 17X00), 
and please credit any excess fees to such deposit account. 



Respectfully submitted, 



ANTONELLI, TERRY, STOUT & KRAUS, LLP 




DRA/CIB/jla 
(703) 312-6600 



8 



«5 » 



Title of the invention 

Managing method for optimizing capacity of storage 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for centrally 
managing plural storage^ apparatuc . 

In recent years, a technique for connecting a computer 

and plural storage^ nppffnrcitut, by^network (storage area network 

(SAN)) | and centrally managing the plural storage; apparatus 

ilk D ± oJ £ ^ 
connected to SAN is ^proposed. 

As a method for managing tJxe. plural storage ^ apparatus - 

connected to* SAN, there is a technique for centrally managing 

a storage device (volume) - arranged in ^ the plural storage 

apparatus ^connected toj^SANjas a storage pool/ and efficiently 

using the memory capacity of the storage device connected to 

A 

In ^tfeg =prior ai> t , capacity is added, by on-demand from 
a storage pool , when ^volume capacity become short due to 
insufficient estimation of )\capacity;used, at tUfe^insuf f icient 

time point. (For example, see Patent Lit - eraturo 1 , oto.) ^ 

_ « — * ^--^X^^^^*^ * ax ^~J 

MPatent Literature 1) JP-A-2002-222061^|p . 9 , Fig. 11) 
It is difficult to accurately estimate the capacity 
utilization in advance and^allocate the^ volume. . In the^mr 
when^capacity utilization (data capacity) is^not increased 
as estimated, an unused storage area^remainjf and Ifa neverjused. 
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In an environment in which -fefee storage rippnrnfuc are intensively- 



consolidated and many volumes exist, it will happen that many 
unused and useless storage areas remain unused. Since such 
unused storage areas in volumes are unused^but cannot be utilized 



as the storage pool, ^storage resources can not be efficiently 
used. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide a managing 
method and a managing program to achieve high utilization of 
resources by collecting an excessively allocated storage area 
in a storage pool so as to utilize this storage area in another 
computer. 

In one embodiment of the present invention, the capacity 
utilization (data capacity) of a storage device (volume) 
allocated to a computer is periodically obtained, and future 
capacity utilization is estimated from a trend e£ in^the data 
capacity. 

Further, the capacity of -fcfee/ystorage device a» jpompared 
with^upper limit securing capacity andj( lower limit securing 
capacity, sfeosrtag ^ the upper and lower limits of ^appropriate 
allocating capacity , aasdjjcalculated from the estimated capacity 
utilization. When the capacity of the storage device (old 
device) is greater than the upper limit securing capacity, tfac^ 



storage device (new device) j ^oiC the lower limit securing 
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capacity or more and tiw^upper limit securing capacity or less 
is allocated from the storage pool, and the old device is 
collected in the storage pool. 

Further, in another embodiment of the present invention, 
maximum capacity utilization, minimum capacity utilization, 
the number of read I /C^and the number of wrartrfc I /O^re periodically 
obtained in addition to the capacity utilization of the volume 
allocated to the computer. When the data capacity is constant 
and the number of write I/O^to a volume (old volume) is 0 for 
a certain period, data in the volume is marked as "archive" 
and is moved to a storage device of low cost so that the capacity 
of the old device is collected. 

The other features of the present invention will become 
apparent jy*^ the descriptions^ this specification and^the 
accompanying drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is aj ^oonotruotional view of a computer system 
an embodiment of the present invention. 

Fig. 2 is a «±ewj|showing the contents of an access control 
table of this embodiment. 

Fig. 3 is a^vlHV showing^ GUI in a management computer 
of this embodiment. „ ft 

TJ\ u . 4 jliumj^a data management table, addition securing 
capacity and an addition securing width management table of 
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this embodiment. 

Fig. 5 is a^ viow showing the contents of a capacity 
utilization management table of this embodiment. 

Fig . 6 is a-*3=ew^showing the contents of a device management 
table of this embodiment. 

F - ' l tt^ 7 l p u vii^ w y showing the contents of a network zone 
member management table and a network zone management table 
of this embodiment. 

^ig. 8 io a<&±& s# ^showing the contents of a storage port 
management table and a computer port management table of this 
embodiment . 

Fig. 9 is a view^ showing the procedure of capacity 
utilization monitoring processing of this embodiment. 

Fig. 10 is a ^showing the procedure of capacity 

collection processing of this embodiment. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 is a vicai ^showing an embodiment of a computer system 

appl^'iA^the present invention t^HiylB. The computer system 

1 computers 200a, 200b, 200c, 200d ( generally cfcd^ 

"computer 200"), a management computer 300, a f ibrej^ channel 

switch 50, Internet Protocol (hereinafter called "IP") networks 

CH*o^ qoofc) 

60 and 70, and a storage apparatus ~~ 

The storage apparatus 400 is connected to computers 200a 
and 200b through the fibre ^channel switch 50. The storage 
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apparatus 400 is also connected to computers 200c and 200d 
through the IP network 60 . The storage apparatus 400 is further 
connected to the management computer 300 by the IP network 70. 

The computers 200a and 200b ^connected to the storage 
apparatus 400 through the f ibre/channel switch SO^transf er data 
by using SCSI Protocol over Fibre Channel (hereinafter called 
"FCP" ) protocol. The computers 200c and 200d^connected to the 
storage apparatus 400 through the IP network 60jtransfer data 
by using iSCSI protocol^which is able to transfer SCSI commands 
through the IP protocol. 

The fibre channel switch 50 has a control unit , main memory 
secondary storage and interfaces 52a, 52b, 52c, 52d* control 
unit to connect the computer 200 and the storage apparatus 400, 
and an interface 54 for connection with the IP network 70. 

The storage apparatus 400 has a control unit 401 and 
hard disk drive 460 . The control unit 401 has channel adapters 
500a, 500b ( generally^<-frHH»d "channel adapter 500"), a cache 



memory 450, a shared memory 590 , a disk adapter 550 and a crossbar 
switch 520. The channel adapter 500, the cache memory 450, 
the shared memory 590 and the disk adapter 550 are connected 
to each other by the crossbar switch 520. A bus A may be 



used instead of the crossbar switch 520. 

Tta^hard disk drive 4 60 is connected to the disk adapter 
550 through a port 570. The storage apparatus 400 may also 
have plural disk adapters 550. In this case, the plural disk 
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adapters 550 are connected to tte^crossbar switches 520 
roopootdivoiy . The plural hard disk drives 460 are connected 
to t*e respective disk adapters 550. 

An identifier number is assigned to the channel adapter 
500 , and the channel adapter 500 is specified by this identifier 
(hereinafter called^ "channel adapter ID"). 

The channel adapter 500a has fibre channel ports 402a, 
402b and a processor 510a. The channel adapter 500a receives 
an I/O request based on the FCP protocol issued by the computers 
200a and 200b through the fibre channel ports 402a and 402b. 

The channel adapter 500b has IP network ports 404a , 404b 
and a processor 510b. The channel adapter 500b receives an 
I/O request based on the iSCSI protocol issued by the computers 
200c and 200d through the IP network port 404a. The IP network 
port 404b is connected to the management computer 300. The 
channel adapter 500b communicates with the management computer 
300 through the IP network port 404b. 

The storage apparatus 400 has one or plural storage logical 
devices (hereinafter called logical devices )j,as logical storage 
areas. The logical device corresponds to all or one portion 
of the storage area arranged in the hard disk drive 460. The 
logical device is a storage area recognized by the computer 
200 , and^is discriminated by a unique identifier within at least 
the computer system 1. The logical device is a device in which 
a block of 512 bytes in size is a minimum unit of data input 
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and output (I/O). In the block, a number started from 0 is 

marked from the head. The block is assigned by an LBA (Logical 

*± 

Block Address). The blocks are assigned number, which starts 
from 0, from the head, and^are specified by^LBA (Logical Bloch 
Address ^respectively. The capacity of the logical device is 
determined by the number of blocks, and^is increased as the 
number of blocks is increased. With respect to the logical 
device of this storage apparatus 400, the computer 200 requests 
I /(Debased on the FCP and the iSCSI. 

The disk adapter 550 controls the operations of the cache 
memory 450 and the hard disk drive 460 within the storage 
apparatus 400, andj^transf ers data between the cache memory 450, 
the hard disk drive 460 and the channel adapter 500 . For example, 
the disk adapter 550 also improves j reliability , performance 
of the storage apparatus 400, etc. by controlling the operation 
of the hard disk drive 460 as RAID havingy^redundancy property. 
The number of hard disk drives 460 arranged in the storage 
apparatus 400 may be set^pluraljj or one. 

The data transfer between the hard disk drive 460 and 
the channel adapter 500 is slower than the data transfer between 
the cache memory 450 and the channel adapter 500. Therefore, 
the storage apparatus 400 also improves J( data transfer 
performance by storing frequently accessed data teethe cache 
memory 450. 

Further, the storage apparatus 400 can limit the logical 
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device which is able to be accessed by the computer 200, Thus, 



for example, it is possible to prevent thai the computer 200b-^±r^ 
careless l^gefas access to the logical device used by the computer 



200a. 

Fig. 2 shows an access control table 700 for performing 
access control from computer 200 by the storage apparatus 
400. The access control table 700 is stored teethe shared memory 
590. A device identifier J^used to discriminate the logical 
device of the storage apparatus 400, a storage port identifier 
of the storage apparatus 400 receiving the I/O request from 
the computer 200, the channel adapter ID of the channel adapter 
500 having feke^storage portysuch as the fibre channel port 402a, 
etc., and a computer port identifier of the computer 200 jfc^^ 
permitted to access the storage apparatus 400 are registered 
to the access control table 700. 

For example, if the port is the fibre channel port 402a, 
the^storage port identifier and the computer port identifier 
arejportWWNs (World Wide Names ) given to the ports . In contrast 
to this, if the port is the IP network port 404a,, the storaqe 
port identifier and the computer port identifier arej|IP addresses 
given to the ports . The channel adapter 500 executes I /O request 
processing to the logical device from the computer 200 with 
reference to this access control table 700 when the computer 
port identifier corresponding to the computer 200 gc±ti«^ access 
to the storage apparatus 400 is registered. 
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Similar to ttae^normal computer, the computer 200a has 
a control unit, a main memory, a secondary storage, a display 
unit, an interface 202a for connection with the switch 50, and 
an interface 204a connected to the network 70. The computer 
200b is also similarly constructed. 

Similar to tee^normal computer, the computer 200c has 
a control unit, a main memory, a secondary storage, a display 
unit, an interface 202c for connection with the network 60 

A 

connected to the storage apparatus 400, and an interface 204c 
connected to the network 70^connected to the management computer 
300. The computer 200d is also similarly constructed. 

Similar to %feejnormal computer, the management computer 
300 has a control unit, a main memory, a secondary storage, 
a display unit and an interface 304 connected to the network 
70. The management computer 300 controls the operation of the 
storage apparatus 400j connected to the network 70 through the 
network 70 by reading a program (management application) stored 
to the memory unit to the memory/ and executing this program 
tsy^the control unit. The management computer 300 can 
communicate with the computer 200 and the fibre ^channel switch 
50 in addition to the storage apparatus 400 through the network 
70. 

In the processor 510b of the channel adapter 500b 
communicating with the management computer 300, a program 
(management agent) for communicating with the management 



computer 300 is ^pagitod . The processor 510b receives setting 



and control request commands from the management application 
executed by the control unit^f the management computer 300, 
and obtains, sets and changes^ states of the storage apparatus 
400. 

The management agent is also executed in the fibre channel 
switch 50 and the computer 200 as well as the storage apparatus 
400. In the management application operated in the management 

computer 300, it is also possible to communicate with these 

5^>M cry, 
management agents and obtain, set and change^ states of the f ibre^ 

channel switch 50 and the computer 200. 

Fig. 3 is a view showing a GUI (Graphical User Interface) 
displayed on a display screen arranged in the management computer 
300 «ij^use| by a system administrator. In this figure, the 
logical device of the storage apparatus 400 is shown tea cylinder 
and the computer 200 is shown isf^a rectangular shape |. In 
this figure, when tefee/ cylinder is displayed within the 
rectangular shape ty\ stoac±»^the computer 200, this cylinder 
shows that the computer 200 corresponding to this rectangular 
shape |f is set so as to get^access to the logical device shown 
by this cylinder in the storage apparatus 400.* 

Further, in this GUI, three areas ^excessively large 
allocation capacity, proper allocation capacity and 
excessively small allocation capacity^ are displayed, and the 



cylinder ihijwiAiijjthe logical device is displayed in one of these 
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three areas within the rectangular shape akaiuiiigftthe computer. 

In the excessively large allocation capacity, the logical 
device which is excessively large in capacity in comparison 
with the capacity utilization in the computer 200 is allocated. 
The excessively large allocation capacity shows that the area 
of the logical devicejunused by the computer 200 is large, and J£ 
also shows a state in which the capacity utilization is low. 

In the excessively small allocation capacity, the logical 
device which is excessively small in capacity in comparison 
with the capacity utilization in the computer 200 is allocated. 
The excessively small allocation capacity shows that the area 
of the logical devicejused by the computer 200 is large, and>£ 
also shows a state in which the allocation of a larger logical 
device is desirable so as not to be deficient in capacity. 

In the proper allocation capacity*, the logical device 
which improper -=» capacity in comparison with the capacity 
utilization in the computer 200 is allocated. The proper 
allocation capacity shows ^^^^ he area of the logical device 
of the storage apparatus 4 00^ unused by the computer 200 is 
necessary and sufficient. 

The system administrator can confirm the allocating state 
of the logical device of the storage apparatus 400 with respect 
to the computer 200 by using this GUI. 

Fig. 4Ashows a data management table 900^managed by the 

K 

management computer 300. The data management table 900 is 
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stored t^the memory arran ge d in the management computer 300 



The GUI of Fig. 3 is dimw^ aar'the display unit of the management 



computer 300 on the basis of this data management table 900. 
Information j phowing a data identifier for uniquely 
discriminating data, the kind of am application using the data, 
the computer using the data, a device identifier of the logical 
device of the storage apparatus 400 , the capacity of the logical 
device, a lower limit securing ratio, an upper limit securing 
ratio, capacity collection yes /no, and the correspondence of 
the allocation state is registered to A the data management table 
900. 

An entry «Cjthe management table 900 remade when a system 

administrator allocates Ideological device of the storage 

2v 



apparatus 400 to %bar^ computer 200 ^ using the management 



r^i^ 

computer 300. At this time, the data identifier isi-mAe. The 

Jr 

data identifier is a unique identifier given to data, and^is 



not changed even when the logical device for storing the data 
is changed. ^^^^Jlent if ier of the computer 200^aito2a±±iig the 



logical devicejfthereto , the identifier of the allocated logical 
device, and the capacity of the allocated logical device are 
correspondingly stored. 

The lower limit securing ratio and the upper limit securing 
ratio are set by selecting the characteristics of data to be 
stored to the logical device by the system administrator when 
the system administrator allocates the logical device to the 
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computer. The lower limit securing ratio and the upper limit 

Jk " Ml 

securing ratio are used wherylower limit securing capacity and/ 
Upper limit securing capacity are calculated in^ capacity 
utilization monitoring processing 3000 . The allocating state 
of the logical device^ to the data is determined ^ comparing 
the calculated lower limit securing capacity and/upper limit 
securing capacity and the capacity of. the logical device. 

The ^application tew**- is set by^ selecting the data 
characteristics of the logical device Y\y f^r 
adminiotrator when the logical device is allocated by the system 
administrator. The ^application Kind is set to archive when 
it is judged i»^the capacity monitoring processing 3000 that 
there is no data update. » 

The capacity collection yes/no^is used when it is judged 
whether(capacity collection processing 1000 is executed in the 
capacity monitoring processing 3000 or — n^t. The system « 
administrator sets the value of the capacity collection yes/no^ 
to no when it is not desirable to change the logical device 
for storing data by the capacity collection processing 1000 
when the system administrator allocates the logical device. 




The aii Q catin ^state shows the state of capacity of the 



logical device of the storage apparatus 400 ^allocated with 
respect to the data, and^is set by the capacity monitoring 
processing 3000. In the capacity monitoring processing 3000, 
the three allocating states of "excessively large", 
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"excessively small" and "proper" are set by comparing taaeas^ 
the lower limit securing capacity^calculated *r using the lower 

MA a»u**\ 

limit securing ratio, the upper limit securing capacity^ 
calculated t*y using the upper limit securing ratio and the 
capacity of the logical device. Here, the upper limit securing 
capacity is greater than the lower limit securing capacity. 

The state of "excessively large "j| is a state in which the 
capacity of the logical device is greater than the upper limit 



securing capacity. The state of "excessively large" ilinuouTT 
state in which theological device of Required capacity more 
is allocated tojydata. 

The state of "excessively small "^is a state in which the 
capacity of the logical device allocated to^data is smaller 
than the lower limit securing capacity. The state of 
"excessively small " ^slw re a state in which t hj^re quired capacity 
of the logical device is insufficient forjdata. 

The state of "proper" j^is a state in which the capacity 
of the logical device allocated to data is ^ the lower limit 



securing capacity nr moa e and -a* the t upper limit securing 
capacity nrr h**s . The state of n proper"Jsbws a state in which 



^logical device of Wb& necessary and sufficient capacity 

The logical device^allocated to the data.eff "excessively 
large" or "excessively small" in . . the ^allocating state becomes 
an object of the capacity collection processing 1000. 
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The lower limit securing ratio^ oh e ws a ratio (data amount 
is set to 100) with respect to the data amount of a minimum 
value (lower limit securing capacity) of the capacity of the 
logical device to be allocated to the data. The upper limit 

V 

securing ratio 9**ews|a ratio (data amount is set to 100) with 
respect to the data amount of a maximum value (upper limit 
securing capacity) of the capacity of the logical device which 
may be allocated to the data. 

When there is a sudden increase in the data amount , umulr^ 



free- space capacity can be secured in the logical device with 
respect to the data amount by increasing the lower limit securing 
ratio^so that/capacity deficiency of the logical device will 
not frflfrpeifr B Y increasing the upper limit securing ratio, it 
is possible to prevent the capacity collection processing 1000 
from being executed. When there is a large change causing a 
reduction in the data amount, the allocating state is judged 
as "excessively large" due to the t empo ral reduction of the 
data amount at the OKoouting time of^the capacity utilization 
monitoring processing 3000. The upper limit securing ratio 
is set to be larger than the lower limit securing ratio in the 
same entry of the data man^fement table 900j so as to set the 
upper limit securing capacityjcalculated from the data amount 



^greater than the lower limit securing capacity. 

The setting of the lower limit securing ratio and the 
upper limit securing ratio of the management table 900 performed 
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by the selection of data characteristics/ rote by a system 
administrator will be explained. Thuia ag e^the kind of « 
application using the data , access characteristics with respect 
to the data, a# ^importance dnrpnoQ of the application using the 
data, etc. no t-frn rin-hn nhn n ntn r ^ n j - j nn nr i r nt r fl th Q Ty?tcm 
admi»±s*r3*wc7 The lower limit securing ratio and the upper 
limit securing ratio are calculated from tables 970, 980, 990 
in accordance with the selection of the system administrator. 

The tables 970, 980, 990 are tables for managing an a4€t*«*g 
amount (addition securing ratio) of the securing ratios jto the 
lower limit securing ratio at the time of the selection of the 
data characteristics j»€*€te by the system administrator, and an 
adding amount (addition securing width) of the securing width^ 
between the lower limit securing ratio and the upper limit 
securing ratio. 

The lower limit securing ratio is calculated by adding 
the addition securing ratio corresponding to the data 
characteristics selected by the system administrator to 100. 
The upper limit securing capacity is calculated by adding the 
addition securing width corresponding to this lower limit 
securing ratio. 

The table 970 is a tabl^f or managing the addition securing 
ratio and the addition securing width in accordance with the/y 
application l earnd . When the application is a database, the 
addition securing ratio is set to 10/ and the addition securing 
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width is set to 5. When the application is a file server, the 
addition securing ratio is set to 20^ such that no capacity 
deficiency is caused due to data inflation. Further, since 
a change causing a reduction in the data -rninrmtjpYi 55553 qaj_ua 
49 deleting a file, the addition securing width is set to^*&. 
When the application kind is archive, it is considered that 
there is no increase in data. Therefore, the addition securing 
ratio is set to 0 and the addition securing width is set to 
2. 

The application kind selected by the system administrator 
is set to the application kind of the management table 900. 

The table 980 is a table for managing the addition securing 



ratio and the addition securing width in accordance with access 

V 

there is no increase in data. Therefore, the addition securing 



characteristics with respect tojdata . In the case of only^read. 



ratio is set to 0 and the addition securing width is set to 
2. When the access characteristics are write once, there is 
only an increase in data. Therefore, the addition securing 
ratio is set to 10 and the addition securing width is set to 
2. 

The table 990 is a table for managing the addition securing 
ratio and the addition securing width in accordance with the j 
importaruse dfrgrge of^data. The i^mportancei*l*«jjfiiii ulluWs that 
jSfc frfrSmeSspa fo as the value of the importance degree is increased . 
When the ^importance Sa^cee is 1, the addition securing ratio 
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is set to 0 and the addition securing width is set to 2. When 



the^importance d^ggoe is 2 , the addition securing ratio is set 
to 10 and the addition securing width is set to 5. When the^ 



importance dmgmme is 3, the addition securing ratio is set to 

<$uu\pjx 4 

20 and the addition securing width is set to 10. Thus, as thej 



importance qrtnj»oc is increased, the addition securing ratio 
and the addition securing width are increased. 

When the system administrator selects the database as 



the kind of fete, application, in the selection of the data 



characteristics ^lOS^ providcd by addinx^n ^ agdod |securing ratio 
of 5 managed in the table 970 to lOOiis set as the lower limit 
securing ratio. K 110 ^proviO ud by adding a ^securing w± j^^£^ 
5 managed in the table 9 70 to this lower limit securing ratio 

\ 

is set as the upper limit securing ratio. 

The system administrator may also select plural data 
characteristics. For example, when the database is selected 
as the kind of the application and fete write once is selected 
as the access characteristics and 2 is selected as the/data 
importance dej w gc , a 30 ss=<^sum of the addition securing ratio 
10 of the database from the management table 9 70 of the 
application kind, the addition securing ratio 10 of the write 
once from the management table 980 of the access characteristics , 
and the addition securing ratio 10 of the importance degree 
2 from the management table 990 of the importance degree, is 
added to 100. The a^ed^value 130 is set as the lower limit 
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securing ratio . Similarly ,j 20 «*a )l sum of the addition securing 
width 5 of the database of the application kind, the addition 
securing width 10 of the write once of the access characteristics , 
and the addition securing width 5 of the importance degree 2^ 
is added to the lower limit securing ratio 130 . The^adde?value 
150 is set as the upper limit securing ratio. 

When a system administrator does not select the data 
characteristics, the kind of the application, the lower limit 
securing ratio and the upper limit securing ratio in the data 
management table 900 are set by using "general" as the kind 
of the application. . 

Fig. 5 xbi -u ^capacity utilization management table 910 
managed by the management computer 300. The capacity 
utilizationmanagement table 910 is stored^ the memory^arranged 
in the management computer 300. Information ^ showing the ^ 
correspondence of the data identifier, an-^hj^tira^^time^ atsr 
a time of obtaining of the capacity utilization, the capacity 
utilization at the obtaining time, an obtaining period showing 
-eijtime passing from the previous obtaining to the present 
obtaining, ^naximum capacity utilization as a maximum value of 
the capacity utilization during the obtaining period, ^minimum 
capacity utilization as a minimum value of the capacity 
utilization during the obtaining period, the number of read , 
l/0\during the obtaining period, and the number of write I/O a 
during the obtaining period is registered to the capacity 
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utilization management table 910. 

The capacity utilization management table 910 existsT 

every dataj distinguished by the data identifier, andjis used 

in the capacity utilization monitoring processing 3000 ^ 

A 

periodically executed by the management computer 300 when the 
capacity (capacity utilization of the logical device) of future 
data is estimated. Managing information obtained from the 
computer 200 is stored teo^the capacity utilization management 
table 910. When this table is filled with data, the data at 



the oldest obtaining time €we A overwritten . 

Fig. 6 ssja device management table 800^managed by the 
management computer 300. The logical device of the storage 
apparatus 400 of the computer system 1 is centrally managed 
as a storage pool in this device management table 800. The 
device management table 800 is stored fce^the memory arrange^ 
in the management computer 300. Information ^ showing the 
correspondence of the device identifier of the logical device 
of the storage apparatus 400 , f capacity , /cost and the 
computer 200^is registered to the device management table 800. 
The cost is set by the system administrator. For example, the 
cost of tfee /^logical device of high performance is set to be 
high. The i±sed computers jthe identifier of a computer using 
the logical device . When there is no computer using the logical 



device , ^"non-existence" is set 



Figr. 7^i* o^-vio^ showing a network zone member management 
\ 
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table 810 and.a network zone management table 82Q. Information 
steewwt^wliich network a portjsuch as a fibre channel port arranged 
in the storage apparatus 400 and the computer 200 , etc.tbelongs 
4», is registered tejthe network zone member management table 
810. Here, the port to which the same network identifier is 



allocated ahow-s j^that the port belongs to the same network. 
Communication can be mutually mddej only between 1te ports 
belonging to the same network. This network zone member 
mar^ement table 810 is managed by the management computer 300 , 



and^is used when it is judged whether tetaa communication can 
be made between two ports in the capacity collection processing 
1000 executed from the capacity utilization monitoring 
processing 3000 ^periodically executed by the management 
computer 300. 

Information sfammtg ^the correspondence of the network 
identifier and a network name is registered to the network zone 
management table 820. For example, the network name 
corresponding to a network identifier 1 is "FCl". 

Fi^ 8^ io q v»iow showing a storage port management table 



830 and a computer port management table 840^. The identifier 
corresponding to the storage apparatus 400, the channel adapter 
number corresponding to the channel adapter 500 arranged in 
the storage apparatus 400, and the storage port identifier are 
registered -to j the storage port management table 830. The 
storage port management table 830 is managed by the management 
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computer 300, and^is used when the channel adapter 500 having 
the port and the storage apparatus 400 are retrieved from the 
storage port identifier in the capacity collection processing 
1000 executed from the capacity utilization monitoring 
processing 3000 j periodically executed by the management 
computer 300* 

In contrast to this, a computer identifier ghewtwy ) the 



computer 200 and a computer port identifier are registered 
the computer port management table 840. The computer port 
management table 840 is managed by the management computer 300, 
and^Ts used when the identifier corresponding to the port 
arranged in the computer 200 is obtained in the capacity 
collection processing 1000 executed from the capacity 
utilization monitoring processing 3000 ^periodically executed 
by the management computer 300. 

Inj^the present invention, the data amount (capacity 
utilization) of the logical devicef is periodically obtained. 
The lower limit securing capacity and the upper limit securina 
capacity ^calculated from the lower limit securing ratio and 
the upper limit securing ratio set in the data and the capacity 
of the logical device allocated in the data are compared. The 

Ml 

logical device is changed when^capacity of the logical device 
does not lie between the lower limit securing capacity and the 
upper limit securing capacity. In this embodiment, the 
capacity utilization monitoring processing is executed every 
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three weeks . . * 

Fig. 9 is a vi Kshowing the flow of the capacity 
utilization monitoring processing 3000^periodically executed 
by the management computer 300. Tt i * judged By performing 
this processing^whether the capacity allocated in the computer 
is appropriate or not. When this capacity is not appropriate, 
the logical device of the storage apparatus 400 is reallocated 
by the capacity collection processing lOOOj. Thus , the capacity 
allocation of the computer system 1 is optimized. ^The function 
of the capacity utilization monitoring processing 3000 is 
realized by executing a managing program^loaded ^©/jthe memory 
within the management computer 300 by the control unit. The 
above managing program may also be introduced through a memory 
medium (CD-ROM, DVD-ROM, server, etc.) readable by the 
management computer 300 or a communication medium j such as a 
network or a carrier wave propagated on the network^ which can 
be utilized by the management computer 300 at a necessary time. 
Further, one portion or all portions of the function of the 
capacity utilization monitoring processing 3000 may also be 
realized by hardware (LSI, etc.). 

The management computer 300 obtains capacity utilization 
(data capacity), maximum capacity utilization (maximum data 
capacity) , minimum capacity utilization (minimum data 
capacity) , the number of r^ad I/O^and the number of write I /OA 
as information relating to/monitoringfob ject data managed by 
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the data identifier in the data management table 900 from the 
computer 200 using the*^ monitoring object data through the 
network 70. The management computer 300 then stores such 
information *»jthe capacity utilization management table 910 
together wxth an ebtaiain^time and a passing time (obtaining 
period) from the previous obtiarfimi gj time (step 3010). 

When the capacity utilization, A the maximum capacity 
utilization and the minimum capacity utilization from the past 
^to^jjhe^resent time^are the same values and the number of write 
I/Ctyis 0 with reference to the capacity utilization , the maximum 
capacity utilization, the minimum capacity utilization and the 
number of write I/Ojpf the capacity utilization management table 
910 with respect to the monitoring object data (step 3014) (when 
there is no data update), the application kind the data 
management table 900 corresponding to the monitoring object 
data is set to "archive", and the lower limit securing ratio 
is set to 100 and the upper limit securing ratio is set to 105 
(step ^ m015 ) . 

When there is no case in which there is no data update 
in the step 3014, the management computer 300 estimates the 
future capacity utilization from the present capacity 
utilization and the past capacity utilization (step 3020). 

In this embodiment, the expected capacity utilization 
is obtained by linearly extrapolating the capacity utilization 
at the next executing time point of the capacity utilization 
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monitoring processing 3000 from the newest capacity utilization 
obtained in the step 3010 and the capacity utilization previously 
obtained. . 

In other embodiment , ^accuracy of the estimation can be 
improved by estimating the capacity utilization by using more 
past data. When the expected capacity utilization calculated 
by using <fefae past data is smaller than the maximum value of 



the maximum capacity utilization of the capacity utilization 
management table 910, the expected capacity utilization^can 



be alee set to the maximum value of this maximum capacity 
utilization. 

Further, when the capacity utilization is greatly 
increased and decreased and no accuracy of the estimation can 
be anticipated, the newest capacity utilization |^may be 
set to the estimated capacity utilization. The logical device 
may be set so as not to be changed by changing the capacity 
collection yes/no^of the data management table 900 to no. 

Next, the management computer 300 obtains the lower limit 
securing ratio and the upper limit securing ratio corresponding 
to the monitoring object data from the data management table 
900, and * multiplies the expected capacity utilization 
calculated in the step 3020 by the lower limit securing ratio 
and the upper limit securing ratio^ so that the management 
computer 300 obtains the lower limit securing capacity and the 
upper limit securing ratio (step 3030). 
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The capacity of the logical device allocated to the 
monitoring object data and the upper limit securing capacity 
obtained in the step 3030 are then compared with each other 
(step 3040). When the capacity of the logical device isj(the 
upper limit securing capacity or less, the capacity of the 
logical device is compared with the lower limit securing capacity 
(step 3050). When the capacity of the logical device is jfhe 
lower limit securing capacity or more, the corresponding 
allocating state of the data management table 900 is set to 
"proper" (step 3090). 

In contrast to this, when the capacity of the logical 
device is greater than the upper limit securing capacity in 
the step 3040, or when the capacity of the logical device is 
smaller than the lower limit securing capacity in the step 3050. 
the corresponding value of the capacity collection yes/nolof 
the data management table 900 is referred^ step 3060) . If the 
capacity collection is possible, the capacity collection 
processing 1000 is executed (step 3070). 

In contrast to this, when the capacity collection is 
impossible in the step 3060, the corresponding allocating state 
of the data management table 900 is changed to "excessively 
large" if the capacity of the logical device is greater than 
the upper limit securing capacity, and^is a&mo changed to 



"excessively small" if the capacity of the logical device is 
smaller than the lower limit securing capacity (step 3080). 
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The processing is then terminated. 

Fig. 10 is a «te ^ showing the flow of the capacity 



collection processing 1000 executed when it is judged in the 
capacity utilization monitoring processing 3000 that the 
capacity allocation of the logical device to the monitoring 
object data is inappropriate . The logical device of the storage 
apparatus 400 of appropriate capacity is allocated to the 
computer 200 and the original logical device is collected in 
a storage pool by performing this processing. The function , 
of the capacity collection processing 1000 is realized by. " " 
executing the managing program loaded **^the memory within the 
management computer 300 by the control un i t . The above managing 
programjpiay be aloo introduced through a memory medium (CD-ROM, 
DVD-ROM, server, etc. ) readable by the management computer 300 
or a communication medium^such as a network or a carrier wave 
propagated on the network^ which can be utilized by the management 
computer 300 at a necessary time. Further, one portion or all 
portions of the function of the capacity collection processing 



lOOO^may be a^Loo realized by hardware (LSI, etc.). 

The management computer 300 retrieves tsine^logical device 
of the upper limit securing capacity or less and the lower limit 



securing capacity or morefcunallocated to the computer from the 
device management table 800, and^btains the device identifier/^ 



( step 1010 ) . When the application kind^of the monitoring object 
data^±* "archive", the condition that^cost is low is added to 
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the retrieving condition. In ^a&r^ embodiment , theological 
device of an intermediate value of the upper limit securing 
capacity and the lower limit securing capacity^can be aloo mado^ 
from an unused area of the storage apparatus 400. Such a 
technique is i i il mjji p e.g., in JP-A-2002-222061 . 

As a result of «*e^retrieval , when there is a pertinent 
device, the management computer 300 obtains a list of storage 
port identifiers corresponding to the identifier of the logical 
device obtained in the step 1010 from the storage port management 
table 830 (step 1020). 

Further, the management computer 300 obtains the computer 
200 corresponding to data in which it is judged that the capacity 
allocation is not appropriate from the data management table 
900 . The management computer 300 also obtains a list of computer 
port identifiers corresponding to the computer 200 from the 
computer port management table 840 (step 1030). 

Further, the management computer 300 makes a list of 
network identifiers corresponding to the storage port 
identifier obtained in the step 1020 by using the network zone 
member management table 810. At this time, when there are 
overlapped network identifiers, the management computer 300 
excludes the overlapped network identifiers from the list and 
sets the overlapped network identifiers to one network 
identifier (step 1040). 

Thereafter, the management computer 300 makes a list of 
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network identifiers corresponding to the computer port 
identifier obtained in the step 1030 by using the network zone 
member management table 810 (step 1050). 

Thereafter, the management computer 300 compares the list 
of the network identifiers made in the step 1040 and the list 
of the network identifiers made in the step 1050 (step 1060). 

When th _r axe the same network identif iers^in both ttra 

lists, the management computer 300 obtains the storage port 

identifier corresponding to the network identif ierTeS^^^d 

in the step 1060 from the list of the storage port identifiers 

it 

obtaxned in the step 1020, and^also obtains the computer port 
identifier corresponding to the network identif ier^confoHBe^ 
in the step 1060 from the list of the computer port identifiers 
obtained in the step 1030 (step 1065). 

The management computer 300 further obtains a storage 
device identifier and a channel adapter number from the storage 
port management table 830 by using the storage port identifier 
obtained in the step 1065 (step 1070) . Further, the management 
computer 300 adds the storage port identifier and the computer 
port identifier obtained in the step 1065 and the channel adapter 
number obtained in the step 1070 to the storage access control 
table 700 of the storage apparatus 400 corresponding to the 
storage device identifier obtained in the step 1070 




^Cnnrn' I i ly, when an entry is added to the storage access control 
table 700, the management computer 300 gives commands of the 
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addition to the storage apparatus (step 1080). 

Next, the management computer 300 copies data^stored to 
the logical device ( old device ^judged as^nappropriate capacity 



allocation with respect to the attmrt computer 200yto a logical 
device (new device) retrieved in the step 1015 and set so as 
to be accessed from the efljuvu computer 200 in the step 1080 



(step 2010) . 

The^-copy of th i racfr data can be executed by a copy command 
in the computer 200. Since the copy^in the computer 200 is 
made by copying files, a long time is required to complete the 
copyj^so that the load of the computer 200 is raised. Whenj^load 
of the computer 200 can not be raised, the data f can alao be 



copied from the old device to the new device by copying the 
f il© in the management computer 300 . It is necessary to inhibit 
writing to the old device^to completely copy the data from the 
old device to the new device. Therefore, it is necessary to 
execute the copying operation SOT/^a time (e.g. , nighttime) at 
which the operations are stopped and no was*feei to the old device 
is^ goncrat^d . 

When^read or write teethe data stored to the old device 
can not be stopped for a long time, or when^load can not be 
applied to the computer 200 and the management computer 300, 
the data copy^can be 4»a4eJ(by using a function for plfei»g the 
data copy^between the logical devices in the storage apparatus 
400. Such a storage apparatus 400 is disclosed in US Patent 
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No. 5,051,887. When the capacity of the old device is greater 
than that of the new device and the number of ^blocks of the 
old device is greater than that of the new device, data stored 
to blocks of the old device of LBAs greater than a maximum LBA 
of the new device can not be copied to the new device. These 
blocks are set to unused states , and a partition of the old 
device is reduced to a partition having the same block number 
as that of the new device without losing the data. Thereafter, 
the data et^e-^copied from the old device to the new device by 
utilizing the data copy function of the storage apparatus 400. 



tilizing 



The^reducing iue LituO-g f the partition is disclosed in US Patent 
No. 5,675,769/ frfre. After the copy^is terminated, the 
management computer 300 deletes the entry corroo - pondinyto th e 
logical daviop from tfoe^st c^ag e access control table 700 
of the storage apparatus 400^ havMrg the logical device in which 
it is judged that the capacity allocation is inappropriate ( step 
2020). 

Further, the management computer 300 updates the device 



identifier and the capacity corresponding to the aJbove data 
of the data management table 900, and^sets the allocating state 
to "proper". Further, the management computer 300 sets the 



computer of the logical device^ which was judged as^ 
inappropriate capacity allocation in the device management 
table 800 to non-existence, and^updates the ^ded computer of 



a newly allocated logical device to the computer obtained in 
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the step 1030, and tuj -iuiiiaL uj* the processing. 

When thorc io no pertinent device^in the step 1015, or 
when no ^oonf ormod network identifier is found in the step 1060, 
the allocating state of the data management table 900 is changed 
to "excessively large" when the capacity of the logical device 
is greater than the upper limit securing capacity in a step 
3040, andjis ajLoo changed to "excessively small" when the 
capacity of the logical device is smaller than the lower limit 
securing capacity in a step 3050 (step 1090) . The processing 
is then terminated. 

In accordance with the present invention, the capacity 
of the logical device of the storage apparatus 400 allocated 
to data is monitored by the management computer 300, and the 
logical device is changed when the allocating capacity is 
excessively large or excessively small. Therefore, the 
allocating state of the logical device of the storage apparatus 
400 in the computer system 1 is automatically optimized, and 
the capacity can be efficiently used. 

In accordance with the present invention, it is possible 
to provide a managing method and a managing program for 
efficiently using resources by collecting an excessively 
allocated storage area in a storage pool so as to utilize this 
storage area in another computer. 
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